I summarize the prompt spectral characteristics of X-ray flashes (XRFs) using the available spectral parameters of the BATSE, the BeppoSAX, the HET E-2, and the Swift gamma-ray bursts (GRBs). The spectral properties of XRFs are similar to those of classical GRBs (C-GRBs) except the E peak energy and the fluence of XRFs are much smaller. The fluence ratio distribution from XRFs to C-GRBs forms a continuum. This systematic study of the spectral properties of XRFs and C-GRBs tightens an evidence that these bursts arise from the same phenomenon.
INTRODUCTION
Despite the rich gamma-ray burst (GRB) sample provided by BATSE [1, 2] , BeppoSAX [3] , Konus-Wind [4] , HET E-2 [5, 6] and Swift [10] , the emission properties of GRBs are still far from being well-understood. In recent years, however, another phenomenon that resembles GRBs in almost every way, except that the flux comes mostly from X rays instead of γ rays, has been discovered and studied. This new class of bursts has been dubbed "X-ray flashes" (XRFs; Heise [7] , Barraud et al. [5] , Sakamoto et al. [6] ), and there is strong evidence to suggest that "classical" GRBs (hereafter C-GRBs) and XRFs are closely-related phenomena. Understanding what physical processes lead to their differences could yield important insights into their nature and origin.
In this paper, I review the observed spectral properties of the prompt emission of XRFs and XRRs comparing to that of C-GRBs using the spectral information of BATSE, BeppoSAX, HET E-2, and Swift.
SAMPLE AND CLASSIFICATION OF GRBS
The burst samples in this study are 181 GRBs from BATSE [2] , 24 GRBs from BeppoSAX [3, 8] , 84 GRBs from HET E-2 [6, 9] , and 53 GRBs from Swift with E peak measurements [10] (total Swift samples are 279 GRBs) 1 . Only the spectral shape information such as E peak , the low-energy photon index α, and the high-energy photon index β , is available for the BeppoSAX samples. All the spectral information including the fluence is available for the rest of the samples.
I applied the "HETE-2 criteria" using the fluence ratio between the 2-30 keV and the 30-400 keV bands [6] to classify the BATSE, the BeppoSAX and the HET E-2 GRBs:
In the Swift BAT energy range, a fluence ratio of S(25 -50 keV)/S(50 -100 keV) is more natural and easier to measure with confidence. In order to ensure that our definition is close to the HET E-2 criteria (eq. (1)), the fluence ratio of a burst for which the parameters of the Band function are α = −1, β = −2.5, and E peak = 30 keV is used for the boundary between XRFs and XRRs. The ratio thus found is 1.32. Similarly, the fluence ratio of a burst for which α = −1, β = −2.5, and E peak = 100 keV, which was found to be 0.72 is the boundary between XRRs and C-GRBs. The working definition of XRFs, XRRs, and C-GRBs for the Swift samples become: Figure 1 shows the fluence ratio distributions between the 2-30 keV and the 30-400 keV bands (left), and the 25-50 keV and the 50-100 keV bands (right). First of all, the distribution shows a single continuum for all three classes of GRBs. Although the BATSE samples are systematically harder (larger number of C-GRBs), the BeppoSAX, the HET E-2 and the Swift samples show a similar distribution. Note that the number of Swift XRFs is only 6% of the total samples. On the other hand, 30% of the HET E-2 GRBs are classified as XRFs. This difference in the burst population is due to the instrumental selection effect whether the detector is sensitive to the X-ray band (e.g. < 10 keV) or not.
FLUENCE RATIO DISTRIBUTION

DISTRIBUTIONS OF E peak AND OTHER SPECTRAL PARAMETERS
The left panel of figure 2 shows the histogram of the observed E peak . The E peak distribution of the BATSE samples is systematically harder than the samples of other missions. Although the distributions of E peak are all peaked around 80 keV for the BeppoSAX, the HET E-2 and the Swift samples, a significant number of E peak < 10 keV is evident for the BeppoSAX and the HET E-2 GRBs. The distribution between E peak and the fluence in the 15-150 keV band is shown in the right panel of figure 2 . There is a significant correlation between these two parameters. The correlation is roughly: E peak ∝ S(15-150 keV) 0.5 . The correlation holds even if the wider energy band has been used for the fluence calculation.
The low-energy photon index, α, and the high-energy photon index, β are well clustered around −1 and −2.5 respectively independent of E peak energies (Figure 3) . 
RE-CLASSIFY XRFS AT THE REST FRAME
The total number of known redshift XRFs classified based on the observed fluence ratio is eleven in my sample. Then, I applied the HET E-2 classification (eq. (1)) at the XRF rest frame (the fluences are calculated at the rest frame energy of the 2-30 keV and the 30-400 keV bands). Only three XRFs, XRF 020903, XRF 050416A, and XRF 060218, are still classified as XRFs at the rest frame. Because of a redshift range of 1-3 and the observed E peak of ∼ 20-30 keV (most of the Swift XRFs samples), these XRFs are re-classify as XRRs or C-GRBs at the rest frame. This result is clearly showing a lack of the intrinsic XRFs in the current whole known redshift GRB samples. We might need to wait for the next generation of the GRB satellite which has the X-ray instrument capable of triggering XRFs to increase the number of intrinsic XRFs and to understand the nature of XRFs.
SUMMARY
I review the spectral properties of XRFs collecting the spectral parameters of the BATSE, the BeppoSAX, the HET E-2 and the Swift GRB samples. I confirmed that XRFs, XRRs, and C-GRBs form a single continuous distribution. The significant correlation has been seen between E peak energy and the fluence. The spectral properties of XRFs are similar to that of XRRs and C-GRBs except for lower E peak energy and the fluence. Only three XRFs are classified as XRFs at the rest frame.
